BACKGROUND: Acute appendicitis (AA) is the most common emergency surgical condition during pregnancy after obstetric and gynecological pathologies. Urgent and accurate diagnosis of AA in pregnant patients reduces maternal and fetal morbidity/mortality rates. This study evaluated the significance of hemogram to diagnose AA during pregnancy.
INTRODUCTION
Acute appendicitis (AA) is the most common surgical pathology diagnosed in patients admitted to emergency departments with abdominal pain. [1] AA is among the most common of AA is essential for preventing potential complications for the mother and/or fetus. Symptoms including nausea, vomiting, and anorexia are usually seen in the early period of pregnancy and also in AA; therefore, the diagnosis of this condition is challenging for clinicians. Physiological increases in the leucocyte count and C-reactive protein (CRP) levels may be observed during pregnancy. Tomography is avoided in pregnant women to protect the fetus from ionized radiation. The preferred imaging techniques are ultrasonography and/ or magnetic resonance imaging. [5, 6] Considering these factors, diagnosing AA during pregnancy can be challenging for physicians, and therefore, the diagnosis can be delayed.
Hemogram parameters including the white blood cell (WBC) count, neutrophil count, lymphocyte count, neutrophil-tolymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and mean platelet volume (MPV) are inflammatory markers. The changing levels of these parameters are measured in several inflammatory pathologies. [7] It is extremely important to diagnose suspected AA early in pregnant women and to avoid unnecessary surgery. The aim of this study is to determine the hemogram parameters, which are readily available and are evaluated in emergency conditions as a diagnostic tool in diagnosis of AA during pregnancy.
MATERIALS AND METHODS
The study included 47 pregnant patients who were operated for suspected AA and 47 healthy pregnant women between January 2007 and December 2017 at Medical School Hospitals of the Ordu or Ondokuz Mayis University. The hemogram parameters including the WBC, neutrophil count, lymphocyte count, platelet count, NLR, PLR, MPV, and red cell distribution width (RDW) values were retrospectively examined from the medical records of the patients. The post-operative pathological results of appendix specimens were also investigated. All patients with a final pathological evaluation reported as acute focal appendicitis, acute suppurated appendicitis, acute perforated appendicitis, and acute gangrenous appendicitis were included in the AA group (Group A), whereas patients with a normal histopathology were included in the non-appendicitis group (Group B). Forty-seven healthy pregnant women who were under routine pregnancy followup during the same period at the obstetrics clinics of the same hospitals were included as the control group. Exclusion criteria were the presence of hematological diseases, chronic renal failure, chronic liver disease, chronic obstructive lung disease, asthma, autoimmune diseases, cancer, rheumatoid arthritis, bacterial, viral or parasitic infection, immune deficiency, alcohol or tobacco use, and missing records. The age, gestational age, time to diagnosis, length of hospitalization, type of surgical incision, WBC, neutrophil, lymphocyte, and platelet count, and the NLR, PLR, MPV, and RDW values for each patient were recorded. The study was approved by the Ethics Committee of the Ordu University.
All tests were performed on blood samples obtained via venous system and collected into ethylene diamine tetra acetic acid tubes. Hemograms that were taken within 24 hours prior to surgery were accepted for the AA group. The WBC, neutrophil, platelet, and lymphocyte counts, and the MPV and RDW values were analyzed via hemogram samples. The NLR and PLR values were calculated by dividing neutrophil and platelet counts to lymphocyte count. Hematological parameters were measured by an automated hematology analyzer (Abbott Cell-Dyn 3700 Hematology Analyzer, Abbott Diagnostics, USA). The upper limits of the reference intervals were as follows: leukocyte counts (WBC); 4600-10200 /µL, platelet; 142-424 × 10³/μL; neutrophil; 2-6.9 × 10³/μL; lymphocyte; 0.6-3.4 × 10³/μL, MPV; 0-99.9fL; and RDW; 0%-16.2%.
Statistical Analysis
Statistical analysis was performed using the SPSS 22.0 software (IBM Corporation, Armonk, NY, USA). The Shapiro-Wilk test was used to determine the compliance of data to a normal distribution, and the Levene test was used to determine the homogeneity of variances among the groups.
The independent samples T test with bootstrap results was used to compare two independent groups, whereas the Mann-Whitney U test was used with the Monte Carlo simulation technique. One-way analysis of variance (robust test: Browne-Forsythe) was used together with bootstrap results to compare more than two groups with other groups. The Kruskal-Wallis H test, least significant differences, and Games-Howell tests were used for post-hoc analysis. The correlation between classification of the patient groups separated by cutoff values was calculated according to the variables, and real classification was expressed by examination of sensitivity and specificity using the receiver operating characteristic (ROC) curve analysis. Quantitative data are expressed as the mean±standard deviation, median-interquartile range, or median and range (maximum-minimum). Categorical data are expressed as n (number) or percentage (%) and analyzed by Fisher's exact test.
RESULTS
All the patients who underwent surgery were divided into two groups based on their pathology results; Group A consisted of 40 patients (85.1%) with AA and Group B with 7 (14.9%) patients without appendicitis. There was no significant difference between groups in terms of age, time period of admission to diagnosis, or the length of post-operative hospitalization (p>0.05). Of 40 patients in Group A, 16 (40%), 20 (50%), and 4 (10%) were in the 1 st , 2 nd , and 3 rd trimester of pregnancy, respectively, whereas in Group B, 4 (57.1%) and 3 (42.9%) were in the 1 st and 2 nd trimester of pregnancy, respectively. The control group consisted of 15 (31.9%), 17 (36.1%), and 15 (31.9%) subjects in the 1 st , 2 nd , and 3 rd trimester of pregnancy, respectively. No significant difference was found between Group A and Group B for gestational age (p>0.05). Laparotomy was performed in all patients using McBurney's or right paramedian incisions. In pregnant women diagnosed with AA, McBurney's incision was mostly preferred (78.7%). Paramedian incision was preferred in patients with older gestational age. The mean post-operative length of hospitalization was 4.18±3.09 days in Group A and 3.57±1.39 days in Group B, and no significant difference was found between the groups in terms of length of hospitalization (p>0.05). A significantly higher WBC and neutrophil counts and the mean NLR and PLR values were detected in Group A compared to Group B and the control group (p<0.001). The mean lymphocyte count was significantly lower in Group A compared to other groups (p<0.001). There was no significant difference between groups in terms of the mean MPV and RDW values and platelet count (p>0.05) ( Table 1 ).
The ROC curve analysis was performed to evaluate the predictive ability of hemogram parameters to diagnose AA in pregnant women. Sensitivity, specificity, and accuracy rate values for hemogram parameters were estimated based on cutoff values determined by ROC analyses (Table 2) . 
DISCUSSION
Diagnosis of AA in pregnant patients is more difficult compared to non-pregnant patients due to anatomical and physiological changes in pregnancy. Physiological features of pregnancy such as anorexia, nausea, and vomiting can mask AA symptoms. Uterus enlargement and reduced tonus of abdominal muscles causes uterus growing into the abdomen and the appendix displacement as well. [8] The utilization of radiological imaging techniques is limited in pregnant patients for the goal of fetus protection. Therefore, it is difficult to diagnose AA by history and physical examination. Delay in diagnosis increases the risk of appendix perforation. Perforation leads to peritonitis and sepsis, which causes increased mortality and morbidity rates for the mother and baby. [8] [9] [10] Babaknia et al. [11] have reported that the rate of fetal loss was 1.5% in non-perforated and 35.7% in perforated AA patients. The incidence of perforated appendicitis during pregnancy depends on the time between the onset of symptoms and surgical intervention, and the risk for perforation is increased by over 20 hours. [12] It is extremely important to confirm early diagnosis in pregnant patients with suspected AA. Although diagnosis should be confirmed urgently, negative appendectomy should be avoided as well. Negative appendectomy rates during pregnancy have been reported to range between 3% and 23%. [13, 14] The rate of negative appendectomy was 14.9% in our study.
Hemogram is a readily available and valuable test, and it plays an essential role in diagnosis of AA. Among the hemogram parameters, the WBC, neutrophil, and lymphocyte counts and NLR, PLR, and MPV act as inflammatory markers. The predictive value of these markers for AA is currently becoming more promising. [5, 15, 16] Leucocytosis is commonly observed in patients with AA. In our study, the WBC count of pregnant AA patients was found to be 12886±4785 mm 3 , and there was a significant difference compared to healthy pregnant women (p<0.001). Estimated sensitivity and specificity values for WBC with a cutoff value >10300 were 72.5% and 72.3%, respectively. Despite the mentioned sensitivity and specificity rates, the WBC count can increase up to 18.000-30.000 mm 3 at a period closer to delivery. [8] Therefore, the WBC count alone may be used as a specific predictor of AA during preg-nancy. WBC should be used in combination with parameters such as the neutrophil and lymphocyte counts and NLR and PLR with higher sensitivity and specificity values. [5] In several inflammatory diseases, regular response of circulating leukocytes is an increased level of neutrophil and reduced level of lymphocyte counts. [17] AA is an inflammatory disease; therefore, a high neutrophil count and low lymphocyte count should be expected. Thus, in our study, the mean neutrophil count was higher and mean lymphocyte count was lower in the appendicitis group compared to other groups (p<0.001).
Based on cutoff values, neutrophil and lymphocyte counts showed 80% and 85% sensitivity and 79.7% and 82.5% specificity, respectively. In the study by Yazar et al., [5] high neutrophil and low lymphocyte values were found in pregnant patients with appendicitis. Recently, several studies suggested that an increased NLR or PLR could be better predictors of AA compared to CRP, WBC, or the neutrophil count alone. [5, 18, 19] A recent study by Yazar et al. [5] including 28 pregnant women with AA found 78.6% and 100% sensitivity and 80% and 42.9% specificity, based on cutoff values for NLR and PLR, respectively. Additionally, they have reported accurate diagnosis of AA with a 90.5% rate when NLR and PLR were combined with the WBC count, CRP level, and lymphocyte count. Similarly to previous studies, our study showed that NLR and PLR, based on cutoff values, have 90% and 77.5% sensitivity and 89.4% and 74.5% specificity, respectively. Among the hemogram parameters, a higher sensitivity and specificity were observed for NLR in terms of AA diagnosis in pregnant women.
MPV is the most common marker for the production and functional status of platelet, and it reflects inflammatory burden. There are several studies that indicate that MPV values are useful in diagnosing AA. Narci et al. [20] have suggested that high MPV values can be used for the diagnosis of AA. In another study, Albayrak et al. [21] found a significantly lower MPV level in patients with AA compared to the control group. Similarly, no difference was found between the groups in a study by Yazıcı et al., [5] which compared platelet counts in pregnant women. However, in our study, there was no significant difference in MPV values between pregnant women diagnosed with AA and the control group (p>0.05). The predictive value of RDW has been evaluated in several studies among patients with appendicitis; however these studies have concluded with controversial results. [22] [23] [24] To the best of our knowledge, ours is the first study to evaluate a predictive value of RDW levels to diagnose AA during pregnancy. We could not demonstrate a significant predictive value of RDW in our study.
Conclusion
In pregnant patients with suspected AA, a more urgent and accurate diagnosis can be achieved using the WBC, neutrophil, and lymphocyte counts and NLR and PLR values in combination with medical history, physical examination, and imaging techniques. As a result, maternal and fetal morbidity/ mortality rates can be reduced and negative laparotomy rates can be minimized. Our results can contribute to the limited literature available on AA in pregnant women.
Limitation of the study: Retrospective design based on analyses of patient records and a relatively small sample size.
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